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MEMBRANE-BOUND RECEFIORS AND THEIR FUNCnON. 

cog™ DisruNcnoN; treatments THEREEOR; 

^^prMPOSmONS FOR USE ^ SUCH TREATMENTS 

— rr::t— ^^^^^^ 

„, A.zhe»=.s type W^ever i. is .o u„d=rs.o<Ki .ha. .he present 
^„ hav. been — „„,.aMe .o i„.Hnsic 
invention tela.es generally .0 to «eaOnen _^,„„i ,ondi,ions 

p..o.o,ca. conaiti^s -7"'; her or .ncion 

these conditions being charaCensed by ^ '''f'""^" ^ 
„£ ^enrhrane-honnd reeepu^rs or a deflcenc, . — - « 
,»™een neurones or a, U>e juncHons of neurones and effecu. cells. 

conditions of the ,ype mentioned above include ParWnson's dis^^ 

Z Gulf war Syndrome, occupational exposure .0 organophosphorus 
compounds and problems associau=d wi.h agemg. 

AlzheimCs disease (AD) and senile dementia of to Alzheime^s ty^ 
,SDAT^ gtave and growing P"*- in all societies where, bemuse o, an 

1 rrexpecJcy and control of advenUrious disease, to demograp c 
^crease m Irfe expec y ^^^^^^ ^^^^ 

profile is increasingly e«endmgtowa „„„ „™ited 

L .reat. or help in to management ot AD^DAT are urgently required. 
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Age-associated n>«no,y impain-cn. (AAMl) is a characenstic o£ oldez 
pa,icn,s 1, wWic ..ing psychoiogicaiiy and physical,, non^a, co^p^o 
L»y loss. I. is a pootiy defined syndrome, bu. agenU wtach arc e«ec«ve 
„.a«,e„. of AD/SDAT may also be of value in *ese pa«en|s 

Research into AD/SDAT is being carried o». by -adruonai and 
conventional medical resea^h me.h<«. and disciplines In^-o-1 
A- ■ . ,h«e are several approaches to the treatment of AD/SDAT. It K 

5 hvdroxytryptamme. v-hi* is a mediator in other areas of bram, such ^ 
■d tridei However, since fibres from these areas are projected forward 
I'cortex Where the primary transmitter is acetylchoUne. attentron 
r—onthe management Of thismediatorinthesearchforapproprrat, 

therapeutic agents. 

Cholin^gic strategies for the ..atmen. of AD/SDAT have ^ directed 

a. severis -on. - P^*- " ' ^^^^ 
of released acetylcholine. 

one appr^ch involves treatment with high doses of lecithin and other 
precursors o, acetylcholine. Tl-s is of limited use in ^duchrg sustamed 
improvements in cognitive perfoimance. 

Another approach involves Ure use of vegetable dmgs such as PolygaUe 
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^ ^hiC has b.. Show. ... enhance cholh.e-ace.y,choU„e — 

(CAT) acdvity and nctve grow* factor (NGF) secretion in bra,n. Oral 
"titration Of NOr has no eflect on central nervoos sys.en, neurons because 
« : hish n-olecuiar weigh, protein .ha. canno. ^ «»ough ,he ..ooa-bra» 
Zc, However, agen« which can pass trough «.e b.ood-bra„> bamer and 
Z a stinruUing effect on NOP synthesis in the central nervous s,sten, have 
ton p«.posed for the inrprovement of memory-related behaviour. 

Tte results of a third clinical approach, which uses cholmesterase 
^Mtors such as tacrine hydrochloride, have been marginally more p«mve 
1 ^ above. Subsumces obtained ^ plants used in Chmese and 
medicine, fbr example huperzine. galanthamine. and physostrgmtne hav a^l 
L Shown to be Of some - although Ihnited - benefit in the treatm^^of 
AD/SDAT in clinical swdics and also in laboratory models. All these 
I«ncesareh,hibito.ofacetylchoUnees.e.ase(Aa.). ..^^^ 
AD/SDAT. there may be reduced synthesis o, acCylcholme ACh). re u^ 
iency in release of ACh ftom presyna^c stores, and a decrease m the 
l!m er r funcHon of postsynaptic (MO receptor. Reductions in pre-syna^. 
rlLors have also been shown. Ihe beneficial effect of AChE mh>b, ors ,s 
l:::: enh^cement of acetylcholine levels at synapses in brain by slowmg 
down the destruction of released transmitter. 

compositions which modulate cholinergic function are Imow. to affect 

^mory and recaU. For example, nicotine stimulates nicothuc acetylcholme 
Inland the short lived memory enhanCg effects Of dgare^smo^ are 

Jght to be due to the effect of nicotine. Scopolamine, an antagoms, of 
mougni lo " .„„,j„rt mmitivc function mamfestmg 

acetylcholine, will produce anmesta and mtpatred cogmn e 
in ^O-omotor tests as a prolongation of shnple reaction fmes, possrbly as 
lul Of impaired attention, and is used for this purpose as an ad^unCve 
Z^esic trLtment. The amnesic effect of scopolamine can be antagomsed by 

nicotine. 
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There are two families ol ni jole of nicotine 

increase in cellular permeabdily to Na 

■ ,^.o,^ can be stimulated by muscarine. 

A-*«^°***"^';:^^ :.rup.ed receptors. Responses of 
S„c.muscarinic(M)recept^areJ^- J^^^^^^^^^^^^^^ 

„,uscarinic receptors are slower, they J ^„scarinic 

^ceptors have been ^ f»r of the cloned 

3sm,-»>. Pharmacological rffe«s« ^ pharmacological 
^tors and they are designated as M,-M. base 

Specificity. 

A monoclonal antibodies, it has been 
„sh.g specific receptor ^ , , (p«.^ptic) 

to further -lUe—^^^^ 
and (presynapt«:). In heart. M, P ,^ ^ 

"'"--'-^•""rerr:^"-------^ 

^.ors a— ^ antagonists which are 

mechanism for Ach release. » useful in treatmg 

preferentiaU, distributed to the bratn may therefore 

25 Alzheimer's disease. 

,,.„wntha.,indiseasestatessuch.^^AT.h.^^ 

„euronanossanddeficitsinc..in..c^^.-^^^ 

^ ^ high affinity nicotinic bmdmg s^^ " ^ ^ ,„ch diseases. 
30 tnight^convertedtolowaffinitybnidm^ 
thereby sustaining transmitter release. By 
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acse-^Msat,™ P«KC«. Sch»« R- ^ acdly located o» d.o««rgic 

(and also 5-hydroxy««.™»«!'= and ^ ^ „ 

ehanse in Ugh ^ ^ "^^ZL ma, have on o*er «an»i«er 

systems. 

rrrrai:::---^---^^- 

fibres innervated by nieote (teducing 
^ in^^cHons of "^"^^^ have a 

H„dingafM.y).and^-««'"'°°'°^'' 
presynaptic locus. 

. of central transmission, but provides a 

This is a simplistic model of centra .^^^^ 

rffoOivc concennarton of are disadvanages 

„>„...es *e concep. of ^ ^^^^^^ ,„ AD/SDAT 

.rcattnen. men»oned above. AC P „ a 

»d aoelylcholine esle^se .ntatamn. ^^^^^ ^^^.^^ 

mechanisms «soUing n. -he dese^ ^ ^ 

30 ---.-::,:;:rbr::::a-sen.en.of-^^^^ 

treatment is mterrupteo, any 
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disappear and the condition may even be aggravated. 

U has been shown that a compound with M, agonist and M^3 
antagonist activity improved cognitive performance in SDAT patrents (Sr^a. et 
71 sciences vol. 2, No. 3, 195-202, 1997). However. tMs compo^d 
I'es unacceptable cholinergic side effects, such as fatigue, drarrhoea and 
nausea. 

A .0. radical approach .0 AD/SDAT and AAMI aims .0 in«=a»e *e 

of posuy-apac (M.) receptor. i« brain. « is ^own from Onn^c 

Ten. NO CN1W6031A, U«. sarsasapogenin (SaO) can up-,egu>a,c M 
Patent INO. ^ move towards normal levels 

in AD/SDAT. 

invento. found a nun,b« of saponins and sapo.cnins which 

* e Th..«: according to one aspect of the 

'"r:ri;:::r::on?:::ofiu.n. 

Luion ch^acrised h, a d« in postsynap* .en„^e-tonnd 
receptor number or function. 

in «.c ar. will ^ aware of .h. relationship bc^.«n 
.ponins and ^ sapo^ and .ha. .he desired effeOS of sapo^n.^ ^ - 
Iibi.ed in pa««.« by adnunis«adon of Ure co.respondu,g sa^-, or a 

Hydrolysis of a, leas, a proportion of saporin occurs n, ore 
mi%Wrea»KOr- nyui J I,. <,»,«te of the epimerisarion of 

gas..oin.esanal «ac.. Ti« skilled ntan w^ also be aware the p 
eer^in sapogenins under conditions of add hydrolysis. 

Not all saponins and/or teir aglycones are useful ttcattnents for 
AO and L. such as the saponins and sapogenins fro. digrul. have 
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potent inotropic actions on 
appear to have effects on 
predicate therapeutic use in 
also rule this out. 



the myocardium. This group of saponins does not 



the central nervous system (CNS) which would 
AD/SDAT; their potency and toxicity at high doses 



Some of the 



principal sapogenins are of the following general formula: 




20 



25 



WiUi ^tocnce to flus general fonnuU, U.e sttucmre of ccrun «pogente is as 
indicated in the Table below: 



T 

Compound 


A/Bring 
Cis/Trans/ 1 
unsaturation 1 


C25 methyl jl 
stereochemistry 1 
(R or S) 1 


ffydroxyl group(s)j 
on 1 
Spirostane ring 1 


Sarasasapogenin 


Os 


S 


3^0H 


Smilagenin \ 


Cis 


R ' 


3P-OH 


Anzurogenin-D 


Trans 




3P-0H, 5a-OH, 
1 6P-OH 


Isisalgenin 


1 Trans 


S 


1 3p-0H(C=0 1 
1 at C12) 
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m variation in pharmacological properties and pharmacodynamic 
actions of various types of sapogenin underlines the need for selection of those 
agents which are most useful for the treatment of AD/SDAT. m discove^ of 
novel fects about the action of SaG has made it possible to determine whtch 
substances are most use&l for the treatment of AD/SDAT and the like. 

•n,e saponins and sapogenins of principal interest in certain aspects of 
the present invention occur naturally in a range of plant species, notably from 
the genera Smilax, Asparagus. Anemarrhena^Yucca and Agave, mspec.es 

presently of greatest interest include Smilax regelii Kili^^« - commonly 
Lwn as Honduran sarsaparilla; SmUax aristolochiaefolia Milk. - commonly 
knownas Mexican sarsaparilla; Smilax omata Hooksi - commonly known as 
Jamaican sarsaparilla; Smilax aspera - commonly known as Spanish 
sarsaparilla; Smilax glabra ; Smilax febrifuga - -commonly 

icnown as Ecuadorian or Pemvian sarsaparilla; Anemarrhena asphodeloides 
Eyng.; Yucca schidigera BoszUxJtoi; and Yucca brevifoUa Eagslm- 
Saponms and sapogenins which may be of interest also occur naturally in other 
genera, for example Dioscorea. Trillium. Solanum. Strophanthus. Digitalis and 
Trigonella. As indicated above, some saponins and sapogenins from these 
sources possess undesirable properties and are thus not recommended for use in 
the invention. 

Accoriing .o a furfter aspect of tov.«ion, «»» is provided a 

phannaceurtcal composition having cognitive function enhancing propen.es 
which comprises an effecdve amount of a saponin or sapogenin. The sapomn or 
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sapogenin is prctobly a sttroidal saponin or sapogenin. Such a conposition 
preferably comprises an effecfive amount of a non-o«tiogenic sapomn or 

sapogenin. 

to anoter aspect, tl>c invention provides a phannaceutical composition 
having cognitive function enhancing properties which comprises an effective 
amount of a saponin or sapogenin (preferably a non-oestrogemic saponm or 
sapogenin) derived from a plant of the genus Smilax. Asparagus. Anemarrhena. 

Yucca or Agave. 

m invention further provides the use of an extract of a plant of the 
genus Smilax. Aspara^s, Anenxarrhena, Yucca or Agave in the preparation of a 
medicament having cognitive function enhancing properties. 

It will be appreciated that the invention embraces within its scope the use 
of the compositions defined above. Ilius. according to a fifth aspect, the 
present invention provides a method of enhandng cognitive function which 
comprises administering to a human or animal an effective dosage of a 
composition of the invention. 

The invention also provides a method of enhancing cognitive function in 
a human or non-human animal, which comprises administering an effective 
dose of a saponin or sapogenin. preferably a non-oestrogenic sapomn or 
sapogenin. 

As used herein, the term "cognitive function" refers to functions such as 
thinking, reasoning, remembering, imagining and learning. 

Thus, according to a seventh aspect of the invention, there is provided 
the use Of one or more of smilagenin. prazerigenin. an astragaloside. tigogenin 
niscogenin. hecogenin and diosgenm in the manufacture of a medicament for the 
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treatment of a condition characterised by a deficiency in postsynaptic 
membrane-bound receptor number or function. 

The inventors have also found that when sarsasapogenin is combined 
with certain other sapogenins, an unexpected synergistic effect is obtained. 

Thus, according to an eighth aspect of the invention, there is provided a 
composition for the treatment of a condition characterised by a deficiency in 
postsynaptic membrane-bound receptor number or fiinction. the composition 
comprising at least two of sarsasapogenin, smilagenin, prazerigenm, an 
astragaloside. tigogenin, ruscogenin. hecogemn and diosgenin. 

The substances used in the seventh and eighth aspects of the invention 
do not have high overt oestrogenic and/or androgenic and/or anabolic activity in 
patients. Nevertheless, in some embodiments, there is a low level of oestrogenic 
and/or androgenic supplementation. 
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According to a ninth aspect of the present invention, there is provided a 
method for the treatment of a condition which is characterised by a defidency 
in membrane-bound receptor number or fonction in a tissue, organ, cell type or 

organelle, the method comprising: 

modulating, directly or indirectly, the action of a cytosolic, nuclear or 
membrane-bound protein or receptor which, when it is activated by an agomst 
binding thereto, or when its activity is promoted by deactivation of an antagomst 
thereto, upregulates and/or normalises the number and/or turnover of 
membrane-bound receptors in that tissue, organ, cell type or organelle. 

Surprisingly, the inventors have found that radiolabelled SaG is 
concentrated in the nuclei of brain cells isolated from rats, and that levels of M 
receptor mRNA are raised in rats treated with SaG. Whilst the inventors do not 
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wi* ,o be bound by any tteory, i. is believed tl«t SaO exerts .he effects 
a«^bed in Clnnese Pa.e„. No. CN1096031A by modulaUng DNA express.on. 

One possible explanation in accordance with this invention is that SaG is 
an inuacellular agonist of a steroid receptor, possibly oestrogen receptor, or 
a transcription factor or promoter. H«=re are chemical similarities m the 
structure of steroids and SaG, and it is therefore possible that the transport 
mechanism of SaG from cytoplasm to the nucleus is the same as that for 
steroids, -n-us, after diffusing ac«>ss the cell membrane, SaO binds to a sterotd 
„cep,or p^scnt in the cytoplasm and promotes a conformational transformation 
of tt.e receptor so that a high-afflnity nuclear complex is delivered ,0 a response 
site on the nuclear DNA p««ein complex. There, it enhances tnu,scrip.ion of 
mRNA which mi^tes from U,e nucleus to the ribosomes to result in increased 
production of muscarinic receptors. 

A second possibility is that SaG is an agonist of an unknown receptor, 
which acts to cause an increase in mRNA expression by binding to the DNA 
protein complex m the nucleus and acting as a promoter. 

fa either case, the binding of the SaG-receptor complex to DNA may 
cause an increase in the expression of mRNA which codes for cholinergic 
receptors, dopaminergic receptors, or adrenergic receptors or other membrane- 
bound receptors. 

Alten«tively, the binding of the SaG receptor complex to ttte DNA may 
cause an increase in ti>e production of linked proteins such as G protem; or 
impede their degradation; or later ttte linkage between such protems and 
assocUted recep«>rs, thereby causing secondary changes in receptor number. 

0 The effects of SaG may be mediated timMgh increases in the levels of 

one or more neurotrophic factors, for example nerve growth fector (NGF). 



PCT/GB99/009S1 



10 



15 



WO 99/48507 



-12- 



20 



„ is ^ Tea,gni«d «, in addition .o tt« neuronal and choHnergicaUy 
medial ^apHc —s, i. is possi* U.. ~ such as ni.nc o.de 

transmission. 

„ «.e precise na.ure o, .he ceU ccn,pon«.. .0 wMch SaG binds i. 
.o ex=« i« effcc .his provides a new paUrway on which po.«...al 
^enu to AD/SDAT, AAMI and .he like can be .argCed. 

,3s been Shown U». SaG inaeases .he levels o, — 

TT^RNA It is therefore possible that 
receptor mRNA, specificaUy m. receptor mRNA. It is tn F 

» n-Cear recep«,r or pron.o„r, when ^ ~ 

- --"^ — rrr ..r:^ r:— o. 

code to ^enrbrane-bound recep.ors. o, U»r« 
mRNA molecules in tissue, organ, cell m« """8™ 
membrane-bound receptors. 

The cytosolic or nuclear receptor, wh«n a«ivated, may also increase .he 
.„„scrip.ion Of nrKNA molecules in the tissue, organ, ceU typ. or organeUe 
which code to membrane-bound receptors. 

AS mendoned above, nicotinic receptors may modulate the nmnber 
and/or turnover of membrane-bound receptors. Accordingly, m one 
Itodiment, the action of the cytosolic or nuclear recep.or .J,^ by 
.aministering a substance which is a. leas, a partral agoms. of mcotmtc 
receptors. 

U is presently preferr«i that the action of the cytosolic or nuclear 
.cepto! riodulatL by administering a substance which is a. leas, a parrral 
30 agonist thereof. 
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Tie agom« may be a saponi. or a sapogenin, preferably one or more ot 
smila^n. pmzerige.^ » -ragaloside. .igo.enin, rusco.em. 
tecogenin and diosgenin. These compounds do no. have a hrgh over. 

Z-'c and/or androgenic and/or anabolic acHvi.y in pa«en« A low level 
:nigenic and/or androgenic supplcmen«ion may be ^ne«c,al m U.e 
mcUlod of U.e ninth aspec. of .he present invention. 

receptor may be loca.ed in .he cy.os„l of fte cells of tt» .issue, 
organ cel. type or organelle and. when ac.iva.ed by binding an agoms. m.g.»s 
r nucll Of Ute cells. is also possible .ha. .he recep«.r is located^n *e 
leus of the cells o, the t^ue, organ, cell type or organelle, the ago„«. 
aifiusing in.o the mKleus or being tra.^«ed there by another mechamsm. 

I„ the method in accordance wi* the firs, aspec. ot the present 
invention it is not essential for an adminis^red substance to act dheCy on the 
"crmtclearre^toritself. Instead, action can be talten either upstream 
: wns^eam of *e cy.«olic or nuclear recep.<.s or p.omo.e.s mv«. 
1„ .,e partway. Thus, the action o, the cy»solic or nuclear -P-J^'^ 
.odulL by adminis.ering a subs.a.ce which increases — "^^^ 
.RNA molecules in .he .issue, organ, cel. type or organeUe wtach code fbr 
membrane-bound receptors. 

^e ro.e of oestrogen and o.her reUted compounds as possible treatment 
for sZ has received considerable interest, h, the s.udies co„.uc.ed to look « 
Z Zs^f a choUnestcrase Inhibitor, tacrine, on co^itivc «mc«on in paUents 
1 S^T a seco.^ anaiysis suggested that all of the improvement was seen 

? !toaaen» who were also receiving honnone (oestrogen) replacement 
m female patienBwnow „ fRT may protect against 

therapy (ERT). Epidemiological dau also sugges. that ERT may pr s 
irle^en. of SDAT. There is ex»nsive wor. in .he ra. .ha. sugges. .ha. 
T.^Z resuUs in reduced cogniHve *mc«on and this effect can be reversed 
:Z in par, by the admhtistration of oestrogen. T.e effects of oestrogen m 
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.MS n,ode, n«, be .0 i.^ high affhuty choline uptake in certain areas .„ 

In, pa^icniarl, .he hi,^P». <^^y — 
^ sa.e mode,, adminisTaUon of oe»oge. i«s been sho™ .0 n>cre^ 
11 of n,RNA for brain deHved ne„ro«opic ^ (BDNF, using surtabic 
situ hybridisation techniques (Singh 1995). 

possible mechanisms behind the effects of oestrogen have been 
invesagat^J in in-vi.ro experiments. These smdies have been undertaken usmg a 
rUastoma eel, line and the response of the celU to serum - 
effects Of ^ anrylold (BA) fractions. This latter stimuh. « thou^J » he of 
par^cular relevance because of the prominence of amylord P » 
stages of SDAT. Both serum deprivation and BA induce cell death. 17-P 
Jradiol has been sho»n «. P».ec. agains. cel. death induced by se^m 
deprivadon and BA TlK p-otecHve effect was no. abolished when .he 
J^dio, ^ .es^d in presence of the oestrogen antagomst. tamoxtfen. T^e 

.. , ,7 „ oesttadiol, v.as as effective in mh.bi.mg cell 
non-oestrogenic enanoomer, 17-a oesttadiol, 

dea.h. subsequent work has suggested Oia. *e protecnve effects o these 

acam. o -i de-saBirattd phenoUc A nng and 

compounds depends on to presence of a fully de P 

en unblocked hydroxyl gi^up at to Uiree posi«on (Sm-pkms 1997, 

^ ue«oblas.oma cell c„-«ares, ocstrogenic compounds were ^^ZI^ 

to release of nerve growth facto,. THe relevance of these findmgs to to .ffec« 

of oesnogen in SDAT remains unclear. 

Patent applications have been published which claim to usefulness of a 
uumber of steroid sapogenins having spirctane, '"^'f'^^^^J 
solanidine sttuc«ires in to tteamien. of diseases includmg SDAT. Two ^ 
publications are of particular relevance here: Olinese patent publican™ N 
CN1096031A claims to use of to spirostane sapogenin, sarsasapogenm^n to 
„ of SDAT The disclosure in Ulis documen., however, is bnet Tbe 

treanncn.of SDAJ. ine ni: iiralMAl which claims 

o.her docmnen. of relevance is pa«nt publication DE 4303214A1 w 
to use Of a very wide range of saponins and sapogenins in to tieatinent of a 
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„.o.e n«gc o, disease .ha. confide. .0 e of v.«. T^^ 

is howcv« of dubious value in to. i. is wcU «.ogmsed .ha, .h«= 
„„ infecive eiemen. .o a vcr, large number o£ .he condi.ions .ha. are 
Characterised by deficieu. synapse «ausu.ission ^ «.us 

.be alleged iuve„.i0b is flawed. ^ addiUoh O-e, preseu. no daU of any^^^. 
^ows one skilled in ar. .0 be able selec. a preferred compound from *e 
large number that are claimed. 

U, iden.ifying compounds .ha, »ould have use in *e «ea»e„. of SDAT 
^ oUrerdiseases charac.e,ised by reduCions in recep.or numbers or^P«c 
.^.^on. .he invenrors have given a>nsidera.ion .0 Ure need .o ■ »^ 
compounds .ha. would have 0,e desired effec. bu, would be devo.d of any 
.^^genic effect, as U«se would be u„ac«p.able. panicularly m mal 
paHenU. A number o, ^ compounds claimed ,o have ac,ivi.y ,n p.e. 
applicaHon DE 4303214A1 have marked oes«og«uc ac.,v..y and are ^rerefore 
unaccepuble. TWs daU is 5ummarts«J below in Table 1. 

^jtpfpenoid 



25 





Compound 1 


Oestrogenic Activity 


Diosgenin 1 


Positive 


Anzurogenin D 


Negative 


Ruscogenin 


Positive 


Sarsasapogcnin 


Negative 


Tigogenin 


1 Negative 


Astragalosidc 


1 Negative 
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In addition these compounds were tested at other steroid receptors as it 
was considered that compounds that would be of clinical sue should have no 
effects at the other steroid receptors. None of the compounds was found to have 
any activity at any of the following receptors: 
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Progesterone 

Glucocorticoid 

Testosterone 

T1.US the compounds that were shown not to have activity at the oestrogen 
receptor were also inactive at the other important steroid receptors. 

The selected compounds have also been tested for their activity in a 
number of in-vitro assays, m assays/experiments that were considered of key 
importance in determining possible activity in the elevation of membrane bound 
receptor numbers were as follows: 



1. 



3. 



30 



Chinese hamster ovary (CHO) cells transf ected with the a DNA fragment 
coding for a muscarinic receptor, m cell line used for the majority of 
the experfanents was a cell line expressmg the m2 receptor. 

ll,e effects of muscarinic receptor expression in cultured cell lines of 
neuronal origin were investigated. 

Cultured cardiac muscle cells obtained from neonatal Sprague Dawley 
rats m cardiac muscle cells express muscarinic receptors, typically m2. 
m level of these receptors falls on prolonged culture and the effects of 
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compounds of interest in preventing the fall in receptor numbers was 
investigated. 

The mc*ods and fte r«ul« of .h«c «pcrimcnK are now described in tun.. 
1 CHO cell line experiments 

•n,e effects of various compounds on Uk expression of ^ receptors on CHO 
cells transfectcd with DNA for the m2 receptor were invesUgated. Receptor 
n^bers we„ assayed using tritia.ed QNB binding and subtracting non-specfrc 
binding, compounds were dissolved in DMSO and DMSO was used as a 
control, compounds wc« te^ed a. a range of final concentrarions. Compound 
w.re also tested in the presence and absence of tamoxifen to try to dtstm^^h 
an oestrogen receptor mediated mechanism. Tlte results are summarised m «,e 
table 2 below. 
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NS = No significant effect 
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a.e experiment Mic».e « seve«l of «.e compounds were ab^ -o 
increase .he number of mnscarinic recep,ors expressed on .he .rface of CHO 
cells cutored h>-vi,ro. "n^ effee. ^ no. an^gonised b, unnox,fen ,n^ca.,ng 
,ha, .he mechanism involved did no. mvolve «.e oes«oge„ recepror. Unl4e m 
.be work published by SimpWn e. a. i. ».as found .ha. «.ere was no n^ for an 
ta,ac. phenol A-ring. Equally a number of compounds to. are s«ro,d 
sapogenins were devoid of acivhy. Furftermore, addi.ional experm,en« 
:L * .ed .ha. 0-oes.radiol had a similar effec. h. increasing .ecep.or expressron 
when administered a. a concenttation of lO-'M. 

2 Effects of compoumls on cell survival 

Ote m vi«> assays have been used .0 dis.ing»ish be^veen aCive a.,d non- 
acave compounds, parHcular various neuroblasroma cel. j"''" 
SKN-SN and SH-SYSY cells as weU as phaechromoacy.oma cell Imes have 
been c„.«»ed in vi«o in presence of |»-amyloid fragmenrs or serum 
deplCion. A number of «chni,ues ,0 demons«a« U» effeCiveness of .he 
"lunds in pro.ecH.g «.e culled ceUs were inves«ga.ed. ^^e .ec^,ues 
included Trypan blue exclusion, chemilumtaescence and release of la«a,e 
:l drogenl. Of mos. h,.eres. was dre observaUon dra. incubaHon of ceUs,.m 
par.icular PC12 ceUs. wi.h Mmyloid reduced number of muscann. 
recep.ors measured using radio-labelled Ugand binding Uchmques. Ihrs 
reducion in recep«>r numbers was found .0 be ameliora»d by d.e acave 
compounds. 

3 Effects of compounds o. coltored cardiac muscle cells. 

Cariiac muscle ceUs were isola«d ftom .he venhicular muscle of neonaral 
^e Dawley ^ ush. s«mdard .echni,ucs. Cells were culled in v,.ro and 
Iscarinic receptor number, expressed on cell surfaces membrane fta^ems 
afler homogenisation o, cells harves.ed a. various .ime poin.s we. es..ma.ed 
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ine of tritiated QNB. Preliminary experiments demonstrated 
pressed tended to decline after 10 days of 
therefore designed to investigate the effects of the 



using specific binding 

0.. U,c nu«b« of ^P-ors expressed tended .o decline after 10 day. o, 
culture. The experiments were 

various compounds in inhibiting this decline in receptor numbers 



The results 



of these experiments are summarised in Table 4: 



Table 4 Effects of various compounds on mus^nic receptor expression on 
cultured cardiac muscle cells 




NS = No significant effect 

Surprisingly i"ve„.ors have found .ha, sapogenins are preferenHally 
ZUL in .he nuclei of ceUs cuUured in vi™. is surprisnrg because. 
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a. discussed above, sarasasapogemn (SaO) aad some other compounds which 
^ve been shown .0 increase «.e number of muscarinic receptors do no. b,nd o 
known steroidal receptors. In addidon. it is surprising that SaG is preferenttaiiy 
taKen up into me nucleus bec^ eBects of these compounds can b™ 
i„.vitr„ assay systems that express the muscarinic receptor but where ^ 
for the receptor has been transfected into tta cytoplasm and hence « not under 
the normal nuclear control mechanism. 

SaG and the other compounds that have been test^ and shown to up- 
reguWe .he leveU of receptors, have all been shown no, to bind directly to any 
of «,e major known classes of membrane bound receptor. Tims it can be 
postulated that .he observed effects are probably not due to for mstance an 
effect at the nicotinic recepmr and a conse<,uen.ial increase in the number of 
muscarinic receptors. Ilus explan«ion appears to be even less plaustble 
raimough i. camrot be excluded) II one considers that certain of the compounds 
ZTZ been shown by the inventors to increase the number of beta adrener,c 
receptors expressed on peripheral blood ,ymphocy«s. Tins the mechanrsm 
wol appear to be one which has a more general effect on flK re^on o, 
membrane bound receptors. 

„ is speculated here that fte effect of the active compounds claimed in 
drU patent may operate through an effect on O p«>«in and Uta. the effect on 
tce^or numbers are secondary ,0 an effect on G-protein. When a membrane 
^nd Cproteih linked receptor is stimulated two basic s«s of events are 
; initiated: the effecter response, and the intemalisation Of the receptor. -nre 

subsequent processing of the receptor to the state where it is a^ tn a^nn mr 
d. cel. surfece or oth« membrane surface where it can mter^ 
receptor ligand appears to be subject to a number of factors. A number o^^cse 
Jrs or mechanisms appear to be G-protein Ihrked. T.ere .s 
0 acrivation of m, receptors ma, have an effect on G-protein expressron o levels, 
t is speculated drat «,e acdons of the compounds described in thrs paten, may 



10 



15 



20 



25 



30 



PCT/GB99/00951 

WO 99/48507 

-22- 

d„e ,0 an interactton in the proc«scs of receptor tegeneration, G-pro.eta 
linkage or G-protein homeostasis. 

An altemative hypothesis is that the compounds «e increasing the 
synthesis or release or a decreased rate o, degradation o, neurotropic 6.«o« 
L as brain derived gro»th fector and/or nerve growth factor. Tl^se effects on 
growth factors might be due to an effect of the compound on a cytosoUc or 
nuclear receptor or the binding of a compound to a promoter region wrth a 
e.^^. effect directly on the rate o, production of mBNA for the growth 
factor or as a consequence of increasing the production of another ma.er«l 
factor such as G-protein or finally the effects may be se^dary to an effect on 
receptor or G-protein procession. 

Tie increased expression and/or abnormal processing of the amyloid 
precursor protein (APP) is associated with the formation of amyloid plaques ^d 
cerebrovascular amyloid deposits which are the major morphologtcal halbn^l. 
of Alzheime^s disease. Of particular interest are the processes re^latrng the 
proteolytic cleavage of APP into amyloidogenic and nonamyloidogenrc 
ftagments. T^e cleavage of APP by the enzyme «-secretase withm the p- 
amXid sequence of the proteh, re^ts in .he fomtaUon of a non amylordo^c 
C-Terminal ^gmen., and the soluble APPsu figment; this Inner ^gmen. has 
^ Shown to have neurotropic and neuroprotecUve activity » 
enhance memory in mice when injected intra-cerebro-venmcally <lC^O■^ 
contrast, processing of APP by p-se-etase e.po«s the N-termmus of p- 
amyloid which is released by ,-secretase cleavage a. the variable C-t™. 
T.e resulUng P-amyloid peptides, which contain 39-43 amino a^ds, ha« b^ 
shown to be .euro.o:tic and to accumuUte in plaques which interfere w,th mter- 
neurone connections. 

A number of studies have shown that stimulation of the protein-Wnase 
(PKO imked muscarinic M, and M. receptors results in an ir^ease m «- 
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„europro.cc«vc effects is i»:reased. Ib par*., pn>ce..ng of APP by p and , 
n is deceased and *e« is a eo.»e,«en«a, «du«ion of M^y.o.d. 
^K. — sue. . ne.e ^ (NO^ and i^d^ved 
_™pic face, (BOHP, as »cU as ^^^^j;^:^:^. 
.i^iiar effecs in in™ .he V^J^ ^ ^ 
™av be a number of factors involved m the effects ot rsur j> 
uZ *e faco. .o ..rosine Mnase „cep.o, Cr..cA) and d» s.— 
XkoW^ C, wiii. subse,nen, p,.ospho,y.a«on and acnva«cn of p«,.eu, 
Knase C (PKQ and increase in relaHve activity of a-sccre,ase. 

«a»en. »hich increases activity of protein-.inase C selecdvely in 

synaptic iyi2 re F :.cion Selective agonists at the M, receptor 

severely impair muscarinic transmission. Selective ag 

. no. .eco^in. avaii^e ^ ^ ris. t.., 

:rrc::r arr:»^:U' .o.s. c^ca. .nefi.s 

rrjLeiy iintited in terms of d» si» of ,.»re«t red„cin. r«ept„r 
Z J or reducing sensitivity and in temrs of side effects d. to 

"tor specificity. Urns compounds as descn^bed in Uris ntvent^n, 
^Lely increase muscarinic M, receptor numbers, with UtUe or ^ effect on 

^^c M. r^or numi^rs in the brain wouid be expected to be devord o, 

l^ls seen 1 a muscarinic agonist and Hence bave parti^ar ^. 

M ,he benefits may be seen in three parts as follows. 

. ■ „ M receotor numbers leading to increased synaptic 
1 A selective increase m Mi lecepwi u«* 

Lltsion. Cbronic administraUon of a selective agonist wiU, at best, ..ve no 
adverse effect on transmission; 
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Stimulation of PKC 



2 secondary .0 the increased ,e«p<ornumbcs. an mc«ase 
with a consequenrial increase in a-secre.ase activity, leadmg to: 

2.1 A reduced production of p-amyloid and a c„nse,uen. reduction of plaque 
fonnation and neuronal loss; 



2.2 An increase in APPsa 



and a consequent improvement in cerebral function 



as 



^tnessed 1^ an improvement in short and long tenn memoty. 
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FinaUy the effects of the GABA system in modulating transmission 
^en dossed alK.ve. « is .ell ^ow that there is a steroid ^^^^'^^T 
GABA receptor that is disthtct 6om the hen^KUazepine, ^^O"'"^ ^^^ 
ending Sites. A number of thera^lc compou^ are ..ow to W to .s 
3„d have been used to enhance or reduce the level of co^ctousness. 1, ,s 
Teliated that the chronic administration of a part« agonist at thrs stte mtght 
lead to an enhancement of transmission. 

T^e invention wOl be described ft«.h« in the following example. 

20 months old pu«-line male SD rats were divided randomly into 2 
^ one group received an average of 3 mg of sarsasapogemn per rat per 
^Led intrthe daily feed. ^ control group received nonna. food a.«l 

H„« months later, their brains »ere used in hybridisaaon .cchn,<,ue^ 
::^«,,..h 4 », 6 months Old rats used as a young control ^-P. 0«.« 
feeding arrangements for each group »ere completely identtcal. 

A cDNA Chain which respectively corresponds to the mRNA of both m. 
and m. was synthesised. m, corresponds to the 3-lS tm-ino add se<r,ence of 
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..ep-or pro^in. U. TOO TX3C CAA GAC AOT GAT OTT OGG ACT OAC 
AGC AGO GOG CAC TCA GOT. a^i .0 ^ 1-16 amino acd sequen^ 

Tatc aat aac tca aca aac -rcc TCG AAC AAT ggc ™ Gcr 

ATT ACC AGT. The cDNA was labelled usmg a 3'-.ern.i«al-label reagent W 
^„ a-»S-dATP (8.9 m^ol) as *e label material. After «.e reaCion 
^shed, i. was purified ^ a nudeoride colum. ^J^''^-'^ ^ 
batch was estimated (16.67-3334) . 108 MBq/,.g. a- S-dATP 

3.-.«minal-label reagent ki. and nucleotide column were obtamed ftom Du 

Pont Co.,- USA. 

One rat was obtained from each group each time and parallel 
^ents were performed. TTe rats were decapitated and their btams 
„led intact. 15 ^ thicK coronal slices were prepared in a constanU^ 
^ cryo-microtome (AS-600 cryo-microtome, Arrglia Sc.nt, tc Co^UK). 
Slices IZ^t^ — areas (identical places for each rat) ^d w^ 
mlted on slides smeared with po„lysine. dried in a cool current of atr^^ed 
^ a solurion o, paraformal^y^e (containing 1 x phosphate bu«er saltne 
(PBS) PH 7.0) for 5 minutes before being washed ^^ce in PBS. were 
then placed in 0.25% acetic anhydride solution (containing 0.1 M 
triethanolamine hydrochloride. Ph 8.0. and 0.9% sodium chlorrde or 10 
„ dehydrated in 70.. 80*. 95*. and 100% ethyl al«.ho. ft. mmute. 
aegreased in chloroform for 5 minutes, and finaUy treated m 100% and 95% 
ethyl alcohol for 1 minute successively. 

SUces used as negative controls were taken and dehydrated in «hyl 
alcohol etc. as detailed above, but treated in advance in 100 mg ml RNase and 
, SSC solution (salt/sodium citrate solution containing 300 mmoVL sodrum 
chloride and 45 mmoW. sodium citrate) for 2 hours at 37-C. 

For hybridisation, the fluid matrix for hybridisation was compounded 
Witt, freshly containing 50% deionised fonnamide. 4 x SSC 10% dextran 
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^...e ONA, 10 ™.o^ — J,trIdC. ana ..ea 
Kie 67-33 34) X 10 MBq/50ja]labeUed with Swasaaow 

' r 50 . ol .h. matrix was artppcd onto .a* slice and a .U«e cov« 

as pLd Hs...y ove. avo>.ns ai.oc^. - ^"ccs w« ^eWed . 
! hybridisation box with 2 x SSC on the bottont to prescwc n.o«««e, and 
incubated at 37°C fot 18 to 24 houis. 

After hybridisarion. the slides were soaked in 1 x SSC solution and 
3ha.eu^^..y to ^ - Slass. my were washed in 1 x SSC 
l^fl,, th« vibrated genUy h. 2 x SSC containing 50* — at 3 C for 
routes with the solutl™, changed four ti»es. and then transferred .nco 1 x 
or Vibration at .aboratory tem^ahne for 30 urinates (repeat^ 
Pinaiiy, the sUdes we. washed with double distilled water, dehydrated 
with 70%, then 95% ethyl alcohol and dried in the air. 

Autoradiographs were prepared in a dark roonr, the spednten aud tire 

I- „„ssed together usmg the contact method a,Ki placed 
hyperfita, beta max bemg pressed togeth r g 
i„«cassettewithadesiccant,exposedat4Cfor2toJwe 

Le^ D196) and Hxed Finaiiy, the aut^adiographs were analysed 
ItltlputeL inrage an^yser (V.OAS inraging analyser. Kontron. 

Germany). 

Tte p«.be Med to show any loc^ised area of activity. The nr. 
^ showed acdvity h, deoUtc nucleus, cerebral cortex and str««rn.^ 

, .h.» three areas for the different aninral groups are shown m 
Comparison of these three areas iu» 

T^le 5 : 
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Positive means increased compared 

• ixO.m. Numbers in brackets = numbers of sUces. 

•Ilere was a significant reduction in mBNA expression for m, receptors 
in .be striatum of aged rats compared to young controls. AdministraHon of 
resulted in a sigoiflcant increase in m. teceptor mBNA in the same bram area 
when treated animals were compared to aged, untreated conuols. 
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1 Tie u» of one o, n.o,e of ^iUgenin. prazcrigenin, an as«agalosA, 
tacenin n.sc„g»in, hecogcnin and diosgenin in manufacmre of a 
r^lln, f„,L — o, a condiaon ^ = m 

n.«nbrane-bou»l receptor number or function. 

2. use of sn-iUgemn. an^rogenin D or an as«ag^oside in 
nranufac^rre of a .edicanren. for U.e .rea-nen. of a condi«™. ci— ^ 
defldenc in pos«,napHc menrbrane-bound receptor nunrber or ftn,c„on. 

3. A composition for the treatment of a condition characterised by a 
deficiency in postsy^rptic membrane-bound receptor number or *,nct,o„, the 
Tpl^on Lprising at .cast two of sarsasapogenin, smiiagenin, pra^rrgemn, 
an astragaloside. tigogenin, ruscogenin. hecogenin and diosgenm. 

4 A pharmaceutical composition having cognitive function enhancing 
p^perties which compHses a pharmacologically effecUve amount of a saponm 
or sapogenin. 

5 A pharmaceutical composition as claimed in claim 4. wherein said 
^nin or sapogenin is a steroidal saponin or sapogenin. 

6 A pharmaceutical composition having cognitive Smction enhancing 
prof-rties which comprises a pharmacologically effective amount of a non- 
oestrogenic saponin or sapogenin. 

7 A phannaceutical composWo. having cognitive function enh^cing 
propertied wMch comprises a phannacologicaUy effective amount of a sapomn 
1 sapogenin derived from a plant of the genus Smilax, Asparagus. 
Anemanhena, Yucca or Agave. 
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8 A phannaceutical composition having cognitive function enhancmg 
properties which comprises an effective amount of a non-oestrogemic sapomn 
or sapogenin derived from a plant of the genus SmUax. Asparagus, 
Anemarrhena, Yucca or Agave. 

9 The use of an extract of a plant of the genus Smilax. Asparagus, 
Anemarrhena, Yucca or Agave in the preparation of a medicament having 
cognitive function enhancing properties. 

10 A method of enhancing cognitive function which comprises 
administering to a human or animal an effective dosage of a composition as 
claimed in any one of claims 1 to 8. 

11 A method of enhancing cognitive fimction in a human or non- 
human animal, which comprises administering an effective dose of a non- 
oestrogenic saponin or sapogcain. 

12 A method of enhanctag cognittve fimcdon in a patient suff«ing 
torn age-related cognitive disfunction, wWch comprises adminlsteting to the 
p^ent a pi^nnacologically effective dose of a non-oest^gcnic saponm or 
sapogenin. 

13 A method for the treatment of a condition which is Aaracterised by 
a deficiency in membrane-hou«. receptor number or taction h. a tissue, organ. 
ceU type or organelle, the method comprising: 

modulating, directly or indirectly, the acrion of a cytosoltc, nuclear or 
membrane-bound proteh. or receptor which, it is activated by an agon«, 
Idhtg thereto, or when its activity is p.om«ed b, deacrivation of an anUgomst 
thereto, upregulates a»i/or nonnalises the number and/or ntntover o 
membrane-bound receptors in that tissue, organ, ccU type or organelle. 
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14 A method as claimed in claim 13. wherein said protein or receptor, 
when activated, increases the amount of mRNA molecules in the tissue, organ, 
cell type or organelle which code for membrane-bound receptors. 

15 A method as claimed in claim 13 or claim 14, wherein said protein 
or receptor, when activated, increases the production of mRNA molecules in the 
tissue, organ, cell type or organelle which code for membrane-bound receptors. 

16 A method as claimed in claim 13, 14 or 15, wherem said protein or 
«ceptor, when activated, increases the transcription or expression of mRNA 
nrolLles in the tissue, organ, cell type or organelle which code for membrane- 
bound receptors. 

17 A method as dataed fa claim 13, 14, 15 or 16, wherein said 
proteta or ,«»p.or.«hcna«iva»d, decreases tt« breakdown of mRNA 

molecules fa «,e tissue, organ. ceU .ype or organelle which code for membrane- 

bound receptors. 

18 A method as dafared in any one of claims 13 to 17, wherein said 
protein or receptor, when a-ivated. modulates the expression of DNA m the . 
Le, organ, cell type or organeUe which axle for membrane-bound receptors. 

19 A method as claimed in claim 14, 15, 16, 17 or 18, wherein the 
action of said protein or receptor is modulated by admfaistering a substance 
which mcreases expression of the mBNA molecules in the tissue, organ, ceU 
type or organeUe which code for membrane-bound receptors. 

20 A method as claimed m any one of claims 13 to 19, wherein said 
prutefa or receptor, when activated, directly or indirectly upre^lates and/or 
normalises the mrmber and/or ,un»ver of muscarmic receptors in that ttssue, 
organ, cell type or organeUe. 
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of claims 13 to 20, Wherein said 

organ, cell type « 'XS^- 

"■•^"■^""::!:":ri.a...yaan.— a— 

acaon of said protemot receptor 
wMchisatlcastapa^ialagonr^oftherecep.. 

, ■ H i„ Claim 23, wherein the agonist is a 
24 Amethodasclannedmclann^ 

pham^cen^caUy acceptable saponin or sapogenn.. 

^- d,im 24 v-herein the agonist is one or 
25. A method as clainred m clam 24. 

^oreofsarsasapogenh^snrilag^^.^.P-'*-"-^ 
hecoge«n,ruscogeninanddiosgerin. 



20 



25 



30 



of claims 13 to 25. wherein the 
tine, organ, cel. typeor 

^.or is iccated in the cyto»l ofU» ^> ^ 
O^Ue.and. when activated, migrates to 

c 13 to 25 wherein the 

organelle. 

2S..methodasclahned.an,one„fclahns.3.o..w--' 
receptor is a steroid receptor. 
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of Claims 13 to 28, wherein the 



29. A method as claimed in any one 
receptor is an oestrogen receptor. 

of Al^cimc^s disease or a semle demenua 
31. A as Cain-ed h. data 13 and s„bs,an.iaUy as hereinbcfo. 

described. 

3,. A co^posiaon «o, use i« <>, Cai. 13, su.s«ntta..y as 

hereinbefore described. 
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